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R E S E A R C H  A R T I C L E  
Surface water quality assessment using phytoplankton and 
zoobenthos: a case study at Bung Binh Thien, An Giang 
province, Vietnam 
Đ‡nh gi‡ chất lượng nước mặt sử dụng phiêu sinh thực vật vˆ động vật đ‡y: Trường hợp 
nghiên cứu tại Bœng B“nh Thiên, An Giang, Việt Nam 
N G U Y E N ,  T h a n h  G i a o  
Department of Environmental Management, College of Environment and Natural Resources, Can Tho University. 3/2 Street, Ninh Kieu District, 
Can Tho City, Viet Nam 
The study aimed to evaluate water quality at Bung Binh Thien Lake, An Giang Province, Vietnam using Shannon-Wiener 
species diversity index (HÕ) and associated average score per taxon (ASPT) calculated from composition of phytoplankton 
and zoobenthos. The water quality index (WQI) was used as the reference for the quality of surface water. The samples 
of surface water quality, phytoplankton, and zoobenthos were simultaneously collected at 11 sites in the dry season. 
The results showed that WQI (57-88) classified water quality from good to medium, HÕ calculated using phytoplankton 
species (1.12-2.71) presented water quality from medium to bad whereas, (H'z) calculated (0 to 2.07) and ASPT (2-4.21) 
calculated from zoobenthos species divided water quality from bad to very bad. The findings revealed that assessing 
water quality should not totally only relied on diversity indices (HÕ, ASPT) but also carefully consider compositions of 
phytoplankton and zooplankton. In addition, interpretation of the biodiversity indices for water quality examination 
should involve the experts in the relevant fields. 
Nghiên cứu nhằm đ‡nh gi‡ chất lượng nước tại hồ Bung Binh Thiên, tỉnh An Giang, Việt Nam sử dụng chỉ số đa dạng loˆi 
Shannon-Wiener (HÕ) vˆ chỉ số t’nh điểm trung b“nh b“nh theo họ (ASPT) được t’nh từ thˆnh phần của phiêu sinh thực vật vˆ 
động vật đ‡y. Chỉ số chất lượng nước (WQI) được sử dụng tham chiếu cho chất lượng nước mặt. C‡c mẫu chất lượng nước 
mặt, phiêu sinh thực vật thực vật vˆ động vật đ‡y được thu đồng thời tại 11 địa điểm trong mùa kh™. Kết quả cho thấy WQI 
(57-88) ph‰n loại chất lượng nước từ tốt đến trung b“nh, HÕp được t’nh dựa vˆo c‡c loˆi phiêu sinh thực vật (1,12-2,71) thể 
hiện chất lượng nước từ trung b“nh đến xấu trong khi, HÕz (0-2,07 ) vˆ ASPT (2-4,21) được t’nh to‡n từ c‡c loˆi động vật đ‡y 
ph‰n loại chất lượng nước từ xấu đến rất xấu Kết quả nghiên cứu cho thấy đ‡nh gi‡ chất lượng nước kh™ng chỉ hoˆn toˆn 
dựa vˆo c‡c chỉ số đa dạng (HÕ, ASPT) mˆ c˜n xem xŽt cẩn thận thˆnh phần loˆi của phiêu sinh thực vật vˆ động vật đ‡y. 
Ngoˆi ra, việc giải th’ch c‡c chỉ số đa dạng sinh học nhằm tra chất lượng nước cần c— sự tham gia của c‡c chuyên gia trong 
c‡c lĩnh vực liên quan. 
Keywords:  water monitoring, phytoplankton, zoobenthos, biodiversity index, An Giang
1. Introduction 
 
Water is essential for life. Monitoring changes in water 
quality due to impacts of socio-economic activities such as 
domestic, agriculture, industry and services are important 
tasks. The results of water monitoring can be used effec-
tively to manage and improve water quality. Thus, water 
monitoring is legalized in environmental laws and policies 
in most countries. There are several types of water quality 
monitoring such as continuous monitoring, background 
monitoring, flux monitoring, or impact monitoring. Choos-
ing the right monitoring indicators would make the envi-
ronmental monitoring more accurate and better serve for 
environmental management. For monitoring surface water 
quality, physicochemical parameters of the water and bio-
logical organisms associated with water environment such 
as phytoplankton, zooplankton and zoobenthos can also 
be used (Richard et al., 1997; Plafkin et al., 1989; Cao et al., 
2007; Lan, 2000; Dung et al., 2011; Lien and Ut, 2016; Wi-
jeyaratne and Kalaotuwave, 2017, Ly and Giao, 2018; Giao, 
2019). Physicochemical variables include temperature (oC), 
pH, total suspended solids (TSS), turbidity, or dissolved ox-
ygen (DO), biological oxygen demand (BOD), chemical oxy-
gen demand (CODL), ammonia (NH4+-N), orthophosphate 
(PO43--P), chloride (Cl-), sulfate (SO42-), heavy metals (Fe, Al, 
Mn, Cr, Cd), pesticides, antibiotics, or biological factors 
such as E. coli, coliform (Cho et al., 2009; Chounlamany et 
al., 2017; Zeinalzadeh and Rezaei, 2017). The selection of a 
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set of physicochemical indicators for water monitoring de-
pends on the characteristics of the pollution sources (Cao 
et al., 2007).  
 
In addition to physicochemical parameters, phytoplankton 
is also selected as indicator for quality of water since its 
diversity and abundance that are closely related to charac-
teristics of water environmental such as light, temperature, 
nutrients, carbon dioxide, bicarbonate, presence of phyto-
plankton consumers (i.e. zooplankton, fish) (Cao et al., 
2007; Oanh and Lien, 2015; Hoang et al., 2018; Duong et 
al., 2019). Some phytoplankton phyla such as Bacillari-
ophyta, Cyanophyta, Chlorophyta can be used to indicate 
nutrient-rich and high organic water environment (Bac, 
1998; Lan, 2000; Oanh et al., 2014; Hoang et al., 2018). Cy-
anophyta is an indicator for static water and organic-rich 
water environment. Dinophyta or Pyrrophyta are used to 
indicate brackish and saltwater environments (Oanh et al., 
2014). Similarly, zoobenthos can also be used as water 
quality indication since zoobenthos has a relatively long-
life cycle interacting with the bottom of the water body, so 
it can be used to indicate water environment conditions 
and sediment properties (Wilhm and Dorris, 1968; Richard 
et al., 1997; Dung et al., 2011; Lien and Ut, 2014; Wi-
jeyaratne and Kalaotuwave 2017; Giao, 2019). Some exam-
ples of zoobenthos classes including Oligochaeta, Poly-
chaeta, Insecta, Gastropoda, Bivalvia and Malacostraca. 
Changes in environmental conditions can lead to changes 
in composition of zoobenthos. History of water pollution 
could be traced using zoobenthos. Several studies have 
been implemented on water indication of zoobenthos. Wa-
ter quality affected by domestic wastewater, urban 
wastewater, aquaculture wastewater, and landfill opera-
tion has been investigated using zoobenthos (Dung et al., 
2011; Oanh et al., 2014; Hoang et al., 2018; Giao, 2019). 
 
In Vietnam, the central and local environmental manage-
ment authorities have been monitoring the surface water 
quality mainly using physicochemical variables. However, 
observation of environmental quality of water using phyto-
plankton and zoobenthos have been recently recom-
mended since it would help quickly diagnose environmen-
tal quality with simple, inexpensive and less pollutants gen-
erated. Certain environmental management authorities in 
the Vietnamese Mekong delta have been using phyto-
plankton and zoobenthos for water monitoring. However, 
limited studies have been conducted using simultaneous 
physicochemical, phytoplankton and zoobenthos to evalu-
ate how each method work for water quality monitoring. 
This study was carried out at Bung Binh Thien, An Giang, 
Vietnam to assess the water quality using physicochemical 
phytoplankton and zoobenthos. The findings of the cur-
rent study could provide important information for the se-
lection of environmental indicators for water monitoring. 
 
 
 
 
 
2. Materials and methods 
 
2.1 Site description 
 
Binh Thien Bung is the largest freshwater lake in the south 
of Vietnam belonging to three communes comprising 
Nhon Hoi, Quoc Thai and Khanh Binh, An Phu district, An 
Giang province. The water surface areas of lake in the dry 
and wet seasons are 200 and 800 ha, respectively. The av-
erage depth of lake is 4 m, the length is approximate 2,900 
m and the average width is 430 m (Department of Natural 
Resources and Environment, An Giang, 2014). Bung Binh 
Thien plays key role in socio-economic development, for 
examples, providing freshwater for domestic uses, cultiva-
tion and animal husbandry, and aquaculture. However, 
Bung Binh Thien is now severely affected by wastes from 
local activities (domestic, agriculture, and aquaculture) as 
well as from the upstream of Cambodia, for instances, fast 
food foam boxes, plastic bottles and pollutant-attaching 
sediments. In the future, Bung Binh Thien lake is planned 
to be a conservation area to conserve biodiversity and to 
reserve freshwater for daily life and other activities people 
in the region. For this reason, Bung Binh Thien Lake is a 
good selection for the current research. 
 
2.2 Water sampling and analysis 
 
Water quality characterization including physical, chemical 
and biological parameters was analyzed. Temperature (oC), 
pH, total suspended solids (TSS, mg/L), turbidity (NTU) are 
physical variables. The chemical variables are dissolved ox-
ygen (DO, mg/L), biological oxygen demand (BOD, mg/L), 
chemical oxygen demand (COD, mg/L), ammonia (NH4+-N, 
mg/L), orthophosphate (PO43--P, mg/L) and coliform 
(MPN/100mL). The 10 water samples (namely S1-S10) were 
collected inside the lake and one sample (namely S11) was 
collected in the river directly connected to the lake. Loca-
tions of sample collection in Bung Binh Thien Lake was 
shown in Figure 1. The water samples inside the lake was 
collected at the onset (S10) and at the middle (S4-S9) and 
at the end of the lake (S1-S3). The water samples were also 
collected at the positions close to the lake banks (S3, S6, 
S9, S1, S4, and S7) and at the middle of the lake (S2, S5, and 
S8). The samples were collected in the dry season on 12 
January 2019. Temperature and DO were measured at the 
field using handheld meters. The other parameters of wa-
ter quality analysis and quality control were performed us-
ing standard methods (APHA, 1998). 
 
The surface water quality was assessed by WQI following 
Equation (1) (National Environmental Protection Agency, 
2011): 
𝑊𝑄𝐼 = !"#!"
$%% %
$
&
∑ 𝑊𝑄𝐼'.𝑊𝑄𝐼(.𝑊𝑄𝐼)&'*$ (
$/,   (1) 
where WQIa is the WQI value of five parameters (i.e., DO, 
BOD5, COD, N-NH4+, and P-PO43-); WQIb is the WQI value of 
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TSS; WQIc is the WQI value of Coliforms; WQIpH is the WQI 
value of pH parameters (ranging from 6 to 8.5). 
 
The WQI is ranging from 0 to 100 dividing water quality into 
five levels. Level 1 (100> WQI> 91) is good water quality that 
could be used for purposes of water supply. Level 2 
(90>WQI>76) is also used for water supply for domestic 
uses but suitable treatment measures are required. Level 
3 is for irrigation and other similar purposes (75>WQI>51). 
Level 4 (50>WQI>26) is the water suitable for transport and 
equivalent purposes while Level 5 (25>WQI>0) is consid-
ered to be heavily polluted water that proper treatment 
measures are urgently needed.
 
 
Figure 1. Locations of sample collection (Google Earth, 2019) 
 
2.3 Phytoplankton sampling and analysis 
 
 
The samples of phytoplankton were collected by filtering 
200L of water through 25-µm mesh size net. The concen-
trated samples were placed in a 110 mL vials and fixed with 
formaldehyde 2-4%. Qualitative analysis was performed 
using a microscope in 10X-40X objective and images of 
phytoplankton were taken to determine morphological 
and structural characteristics and classification according 
to Tien and Hanh (1997); Ho (1969); Tuyen (2003); Fer-
nando (2002), Reynold (2006). Quantitative analysis sam-
ples were performed by counting individual phytoplankton 
according to the methods of Boyd and Tucker (1992). The 
density of phytoplankton was calculated by equation (2): 
 
               Y = (X×Vc×1000)/(N×A×Vt )     (2) 
 
where Y is phytoplankton density (individuals/liter); X is the 
number of individuals phytoplankton in the counted cells; 
Vc is the concentrated sample volume (mL); N is the num-
ber of counted cells; A is volume of counted cells (1 mm2) 
and Vt is water volume collected (mL). 
 
The diversity of phytoplankton was examined by calculat-
ing Shannon-Wiener diversity index (H’) following Equation 
(3) (Wilhm and Dorris, 1968): 
 
 
 𝐻- = −∑𝑝. . 𝑙𝑛(𝑝.)                         (3) 
 
where pi=ni/N; ni is the numbers of ith individual; N is total 
amount of individuals in the samples. Water quality is di-
vided at three levels of pollution based on H’ values. H’ is 
greater than 3 indicates good water quality or water is not 
polluted. H’ is in the range from 1 to 3 showed moderate 
water pollution. Finally, H’<1 revealed that water is highly 
polluted (Wilhm and Dorris, 1968). 
 
2.4 Zoobenthos sampling and analysis 
 
Zoobenthos samples were collected by Petersen grab (Wi-
jeyaratne and Kalaotuwave, 2017. At each sampling point, 
collecting benthic species samples were repeated five 
times to increase the representative. The collected sam-
ples were sieved to 0.5 mm size to remove mud and debris. 
After that, the sieved samples were stored in nylon bags 
and fixed with 8% formaldehyde. The collected samples 
were transported to the laboratory, at which the samples 
were further process by eliminating all organic matters and 
just retained zoobenthos. The collected zoobenthos were 
fixed with 4% formaldehyde solution until qualitative and 
quantitative analyses were performed. For qualitative anal-
ysis, zoobenthos were observed by using microscope and 
magnifying glass to determine the structural morphologi-
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cal characteristics and classification characteristics follow-
ing the taxonomy textbooks of Quynh et al., 2001; Thanh 
et al., 1980; Hung, 2010; Hayward and Ryland, 1990; Za-
mora and Co, 1986; Carpenter and Niem, 1998. For quan-
titative analysis, the zoobenthos in each sample were 
counted separately for each individual and determined 
density by Equation (4): 
                                         
D = X/S    (4) 
 
where D is the density calculated by individual per m2, X is 
the number of counted individuals in the collected sample; 
S is the sampling area (S = n x d), n is the number of col-
lected Petersen grab, d is the open mouth area of the grab 
(0.02m2). 
 
Data on species composition and density of zoobenthos 
were used to calculate Shannon-Weiner diversity index (H') 
using Equation 3 (Wilhm and Dorris, 1968). 
 
The associated average score per taxon (ASPT) was calcu-
lated based on the scored table of BMWPVIETNAM (Biological 
Monitoring Working Party-VIETNAM) (Quynh et al., 2000) 
using Equation (5) (Richard et al., 1997): 
 
𝐴𝑆𝑃𝑇 = ∑ 0123
#
$%&
4
   (5) 
 
where N is total families used for calculating tolerance 
scale; BMWP is BMWPVIETNAM. 
 
3. Results and discussion 
 
3.1 Physical and chemical characteristics of 
water at Bung Binh Thien 
 
Table 1 presented the 10 physicochemical water quality 
variables at 11 sampling points at Bung Binh Thien in the 
dry season (January 2019). The temperature in the lake was 
in the range of 28.07±0.06 - 30.33±1.36 oC. Former study 
reported that temperature in waters in Hau and field ca-
nals in An Giang province also fluctuated in the range of 
29-30°C (averaged 29.7 ± 0.7°C) (Ly and Giao, 2018) which 
is in accordance with the current study. The temperatures 
at all sampling points are in suitable range for aquatic or-
ganisms. The pH in water was recorded ranged from 
7.55±0.03 to 7.85±0.01 which is slightly basic. The pH 
measured in the lake is higher than pH recorded in An 
Giang’s rivers (6.9 to 7.1) during 2009-2016 (Ly and Giao, 
2018), but still in the favorable ranges for aquatic life since 
the national standard recommends pH should be in the 
range of 6.0-8.5. pH and temperature do not highly fluctu-
ate and this is the common condition in tropical region 
(Singh et al., 2005; Chounlamany et al., 2017). Turbidity was 
found highest at S10 (11.43±0.06 NTU) and S11 (9.03±0.09 
NTU) since these two points were in close relation with the 
river. Prior study also found that turbidity was high ranging 
from 12.6 ± 7.2 to 131.8 ± 62.3 NTU in the river (Zeinalza-
deh and Rezaei, 2017). It was found that DO ranged from 
5.33±0.06 to 9.17±0.38 mg/L. The significant higher DO val-
ues (p<0.05) were observed at the points inside the lake 
while the DO values sites close (S10) to the river and in the 
river (S11) were significantly lower (p<0.05). The higher val-
ues of DO in the lake could be because diverse and abun-
dant presence of phytoplankton and water hyacinth that 
release and diffuse oxygen into the water environment. It 
was found that DO values in the present study were higher 
compared to several water bodies (4.0 to 5.2 mg/L) belong-
ing to An Giang province over the period of 2009-2016 (Ly 
and Giao, 2018). The higher DO concentration could indi-
cate better self-purification capacity of the lake. Biological 
oxygen demand was in the range of 9.33±0.58-11.67±0.58 
mg/L, whereas chemical oxygen demand was in the range 
of 14.33±0.58-17.67±0.58 mg/L. Both BOD and COD were 
used as indicators of organic waste concentration in water 
(Galal-Gorchev et al., 1993; Kazi et al., 2009). BOD and COD 
were found higher at the end of the lake where there are 
presence of active human activities such as restaurant and 
cafeteria. BOD averagely accounts for 65.2 ± 1.1% of the 
COD indicating almost 35% of organic matters presence in 
the lake are recalcitrant substances. The values of organic 
matters in the lake exceeded the national standard 2.6 and 
1.6 times for BOD and COD, respectively which could po-
tentially pose high threat to ecological and human health. 
Fortunately, dissolved oxygen is high generating good en-
vironmental condition for decomposition of organic mat-
ters. BOD in BBT lake (9.33±0.58-11.67±0.58 mg/L) was sig-
nificantly higher than that in Hau river and field canals (4.1-
5.5 mg/L) (Ly and Giao, 2018) indicating the water environ-
ment in the lake is more organically polluted that the other 
water bodies in areas of An Giang province. 
 
Ammonium concentration were not detected (detection 
limit of 0.03 mg/L) at S1, S3, S4, S5, S7, S8, and S9 while it 
was detected at S2 (0.2 mg/L), S6 (0.04 mg/L), S10 (0.10 
mg/L) and S11 (0.22 mg/L). Orthophosphate was also not 
detected (detection limit of 0.03 mg/L) at all sampling sites 
except at S11 (0.05 mg/L). During 2009-2016, orthophos-
phate concentration was detected in river system in An 
Giang province ranged from 0.02 to 0.47 mg/L (Giao and 
Ly, 2018) which was higher than that was detected in the 
BBT Lake in the dry season. Coliform density in the study 
site ranged from 1900±346.41 to 9300±0.00 MPN/100mL. 
The coliform at S4, S8, S10, and S11 exceeded the national 
standard surface water quality (allowable limit of 2500 
MPN/100 mL) from 1.72 to 3.72 times. Former study found 
that coliform density in river networks in An Giang ex-
ceeded the national regulation by 2.14-7.04 times (Ly and 
Giao, 2018). The coliform data revealed that the river water 
was more serious contamination with fecal microorgan-
isms than the lake water. The sources of coliform contam-
ination are from human and animal wastes, especially the 
fecal materials (Bolstad and Swank, 1997; UNICEF, 2008; 
Ministry of Natural Resources and Environment, 2012). The 
overall result indicated that total suspended solids, organic 
matters, and coliforms could impair water quality at Bung 
Binh Thien. 
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Table 1. Characteristics of surface water at Bung Binh Thien 
Parameter S1 S2 S3 S4 S5 S6 
Temp 29.2±0.0 29.0±0.0 30.3±0.1 29.5±0.0 29.23±0.3 30.1±0.3 
pH 7.64±0.01 7.79±0.01 7.85±0.01 7.81±0.04 7.56±0.03 7.55±0.03 
Turbidity 4.67±0.06 3.53±0.06 3.28±0.04 4.33±0.08 6.25±0.06 3.27±0.09 
TSS 46.3±0.6 46.7±0.6 44.0±1.0 50.3±0.5 48.0±1.0 47.7±0.6 
DO 8.8±0.2 8.9±0.2 7.7±0.2 9.0±0.3 8.1±0.1 9.2±0.4 
COD 17.3±0.6 17.7±0.6 17.0±0.0 17.7±0.6 15.3±0.6 15.0±0.0 
BOD5 11.3±0.6 11.7±0.6 11.0±0.0 11.7±0.6 10.0±0.0 10.0±0.0 
NH4+-N n.d. 0.2±0.0 n.d. n.d. n.d. 0.04±0.0 
PO43--P n.d. n.d. n.d. n.d. n.d. n.d. 
Coliforms 1900±346 2400±0 2200±173 4300±0 2300±173 2300±0 
  
Parameter S7 S8 S9 S10 S11 
Temp 29.4±0.3 30.3±1.4 29.6±0.3 29.3±0.1 28.1±0.1 
pH 7.71±0.03 7.74±0.01 7.56±0.01 7.7±0.01 7.75±0.03 
Turbidity 5.33±0.05 6±0.05 4.9±0.06 11.43±0.06 9.03±0.09 
TSS 47.0±0.0 48.3±0.6 49.7±0.6 53.0±1.0 53.3±0.6 
DO 8.0±0.1 7.6±0.1 8.0±0.1 6.1±0.1 5.3±0.1 
COD 16.0±0.0 14.3±0.6 15.3±0.6 17.3±0.6 15.3±0.6 
BOD5 10.0±0.0 9.3±0.6 10.0±0.0 11.3±0.6 10.0±0.0 
NH4+-N n.d. n.d. n.d. 0.1±0.0 0.22±0.0 
PO43--P n.d. n.d. n.d. n.d. 0.05±0.0 
Coliforms 2200±173 4600±0 2300±0 9300±0 9300±0 
Note: n.d. = not detected (under detection limit) 
 
3.2 Water quality assessment using water 
quality index 
 
The water quality index (WQI) for sampling sites at Bung 
Binh Thien was presented in Figure 2.  The WQI values clas-
sified water quality into two types, one was in good (S1-S9) 
and one is medium (S10-S11). According to National Envi-
ronmental Protection Agency (2011) good water quality 
means WQI (90>WQI>76) that the water could be used for 
domestic supply but proper treatment is required whereas 
medium water quality (75>WQI>51) could be only used for 
agriculture and other equivalent uses. As previously dis-
cussed, water quality at the studied area ranged from me-
dium to good due to the presence of relatively high con-
centrations of total suspended solids, organic matters, and 
coliforms. The bad water quality fell into one site in the 
river (S11) and one site receiving water from that river (S10) 
since the water flowed from S11 to S10 at the sampling 
time. This result was in accordance with the previous study 
revealing that water quality in rivers in the Mekong delta 
has been polluted for long period of time (Ministry of Nat-
ural Resources and Environment, 2012; People’s Commit-
tee of An Giang Province, 2015).
 
 
Figure 2. Water quality indexes at different sampling sites 
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3.3 Water quality assessment using 
phytoplankton 
 
Total 912 species of phytoplankton belonging to five phyla 
including Euglenophyta, Cyanophyta, Bacillariophyta, Chlo-
rophyta and Dinophyta were found at the study sites. The 
numbers of species at the sampling locations ranged from 
36 to 114 in which the lowest species numbers was found 
at site 11. Total density of phytoplankton ranged from 
13,082 to 121,452 individuals/L and the lowest density was 
found at the site 11. Total density of each phyla was from 
12,340 to 285,143 individuals/L (Figure 3a). The percent-
age of Cyanophyta, Baccillariophyta, Chlorophyta, Di-
nophyta, and Euglenophyta were 44.0%, 34.1%, 16.7%, 
3.6%, and 1.6%, respectively (Figure 3b). The phytoplank-
ton of Cyanophyta, Baccillariophyta, and Chlorophyta were 
also found dominated in constructed wetland (Cao et al., 
2007) and rivers (Hoang et al., 2018; Duong et al., 2019). 
The proportions of Chlorophyta, Dinophyta and Eugleno-
phyta were relatively stable from site S1 to S9 whereas the 
proportions of Cyanophyta and Bacillariophyta were highly 
oscillated. This fluctuation was because the composition of 
the phytoplankton at each site has changed probably due 
to environmental effects (i.e. turbulence, depth, and nutri-
ent). Phytoplankton at site 11 was less abundant than the 
other sites.  Phytoplankton at the site 10 was also less 
abundant than that of S1-S9 since S10 was much influ-
enced by river water at the sampling time. The data of phy-
toplankton diversity and abundance corresponded with 
high turbidity and dissolved oxygen in water discussed in 
the previous section. 
 
The presence of Bacillariophyta in the study area indicated 
water environment was in nutrient-rich (Oanh et al., 2014) 
and these phyla of phytoplankton is also very important for 
aquaculture (Lan, 2000). Chlorophyta is favorite food for 
other aquatic organisms especially fish, shrimp (Bac, 1998). 
Cyanophyta is widely distributed in nutrient-rich water en-
vironment (Oanh et al., 2014). It can utilize nitrogen from 
the air since it has nitrogenase enzyme. The fast growth of 
Cyanophyta could lead to eutrophication and cause harm 
for aquatic species. Cyanophyta is not good for aquacul-
ture (Tien and Hanh, 1997). Euglenophyta widely distrib-
uted in static, high organic matters and nutrient-rich water 
bodies, however, Euglenophyta is not suitable for using as 
food by other aquatic organisms since its cell walls were 
hard and contain much mucus substances (Bac, 1998). Di-
nophyta or Pyrrophyta often occur in brackish or saline wa-
ter (Oanh et al., 2014). It could release toxin causing harm 
for aquatic species, however, Dinophyta and Bacillari-
ophyta could be the main food for zooplankton and shrimp 
larvae. The occurrence of phytoplankton at the sampling 
sites indicates several matters relating to water bodies, for 
instances, indicating nutrient- organic-rich water environ-
ment and taking part in food chains and food webs as well 
as facilitating nutrient cycles in water bodies. The compo-
sitional data of phytoplankton was in accordance with tur-
bidity, suspended solids, organic matters, and dissolved 
oxygen. 
 
Figure 3. Density and composition of phytoplankton at Bung Binh Thien 
The calculated Shannon-Wiener diversity index (H’) was 
presented in Figure 4. The values of H’ ranged from 1.12 to 
2.71 corresponding to the quality of the water from me-
dium to bad. Water quality bad means the water could be 
used for water transportation and equivalent purposes. 
The medium water quality could be found at sites S1, S2, 
S4, S5, S6, S8 and S9. The sites S3, S7, S10 and S11 were in 
bad water quality. The water quality at these sites closely 
related to the composition of phytoplankton that the oc-
currence of Bacillariophyta, Cyanophyta and Euglenophyta 
representing nutrient-and organic-rich environment. How-
ever, H’ showed worse water quality compared to WQI. 
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Figure 4. Water quality using Shannon-Weiner diversity index (HÕ) 
 
3.4 Water quality assessment using 
zoobenthos 
 
Total 6 classes and 17 families of zoobenthos were de-
tected at the studied area.  The six classes including Oligo-
chaeta (1 family, 3 species), Polychaeta (1 family, 1 species), 
Insecta (5 families, 7 species), Gastropoda (2 family, 2 spe-
cies), Bivalvia (4 families, 9 species), and Malacostraca (4 
families, 4 species) were identified in which Polychaeta, 
Gastropoda, Bivalvia and Malacostraca were not or very 
rarely occurred at S1-S9, but appeared at S10-S11 (except 
Polychaeta). The Insecta and Oligochaeta were the fre-
quent occurrence and dominant classes (Figure 5a). The 
species of Chaoborus astictopus, Metriocnemus Knabi coq 
belonging to families Culicidae, Chironomidae, respectively 
were the most frequent occurrence of the class of Insecta. 
The number of species at the study sites ranged from 1 to 
19 species in which the lowest was at site 6 and the highest 
was at site 11. The less diversity of species of the zooben-
thos in the site from S1 to S9 (1-5 species belonging to 1-2 
classes) compared to S10-S11 (10-19 species belonging to 
5-6 classes)) could indicate significant difference in the 
properties of the sediments. It was observed at the field 
that the sediment at site 10 and site 11 was hard, light 
color and contained sandy materials whereas sediment at 
site 1 to site 9 was soft and muddy, dark color, and con-
tained organic matters. In the previous discussion, WQI in-
dicated that water quality at S10 and S11 was much more 
polluted than that at S1-S9, however, the number of spe-
cies of zoobenthos at S10 and S11 were significantly higher 
than those at S1-S9. This could be because zoobenthos in-
dicate better for sediment environment as previously re-
ported (Lien and Ut, 2016; Giao, 2019). Future research 
should also collect sediment sample for analysis of its 
properties to elaborate role of zoobenthos in indicating 
environment. 
Figure 5. Density and composition of zoobenthos 
 
The density of zoobenthos ranged from 640 to 6,600 indi-
viduals/m2. The highest density was found at S3. This could 
be due to the effect of waste discharging from the floating 
restaurant at the site. The density was mainly contributed 
by Oligochaeta and Polychaeta (Figure 5b). The densities of 
Oligochaeta and Polychaeta at the studied sites ranged 
from 10 to 270 and from 600 to 6,480 individuals/m2, re-
spectively (Figure 5a). Shannon-Weiner diversity index (H') 
calculated from zoobenthos diversity at the Bung Binh 
Thien fluctuated from 0 to 2.07 (Figure 6a). The values of HÕ 
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inside Bung Binh Thien (from S1 to S9) were lower than 1. 
This could mean that the water quality was very bad or 
heavily polluted (Bae and Lee, 2001). The water could only 
be used after appropriate treatment methods are applied. 
However, the values of H’ at S10 (1.88) and S11 (2.07) re-
vealed that water quality at those sites were better than 
S1-S9. It could also mean that the zoobenthos at site 10 
and site 11 were more diverse than those at site S1-S9. 
This was consistent with the data of composition of zoo-
benthos that five to six families of zoobenthos were discov-
ered at S10 and S11 whereas only two or three families of 
zoobenthos were found at S1-S9. This could be due to the 
difference in the characteristics of the bottom sediments 
of the study sites. Further study should also collect the sed-
iment samples at the same time with zoobenthos sampling 
for better data interpretation. 
Figure 6. Water quality assessment using H’ and ASPT calculated from zoobenthos 
 
The calculated values of ASPT based on the BMWPVIET for 
11 sampling locations were illustrated in Figure 6b. The 
ASPT values divided water quality at two levels, one was 
bad quality or water quality for transportation (S10 and 
S11), one was very bad quality or heavily polluted (S1-S9). 
The use of biological indicators including using phytoplank-
ton and zoobenthos for water quality assessment showed 
some inconsistency.  In this study, the water quality index 
was used as standard quality for comparision with the wa-
ter quality using H’ calculated from diversity of phytoplank-
ton (H’p) and H’ calculated from zoobenthos (H’z), ASPT cal-
culated from zoobenthos. The comparing among WQI, H’p, 
H’z and ASPT was presented in Table 2.  
 
Table 2. Comparing assessment of water quality using phytoplankton and zoobenthos 
Site WQI Water 
Quality 
H' 
(Phytoplankton) 
Water 
Quality 
H' 
(Zoobenthos) 
Water 
Quality 
ASPT Water 
Quality 
S1 87 good 2.29 medium 0.31 very bad 2.5 very bad 
S2 85 good 2.39 medium 0.09 very bad 2.0 very bad 
S3 88 good 1.91 bad 0.13 very bad 2.5 very bad 
S4 80 good 2.42 medium 0.59 very bad 2.0 very bad 
S5 87 good 2.04 medium 0.10 very bad 2.0 very bad 
S6 86 good 2.71 medium 0.00 very bad 3.0 very bad 
S7 87 good 1.95 bad 0.24 very bad 2.0 very bad 
S8 81 good 2.20 medium 0.06 very bad 2.0 very bad 
S9 87 good 2.42 medium 0.20 very bad 2.0 very bad 
S10 57 medium 1.96 bad 1.88 bad 3.17 bad 
S11 58 medium 1.12 bad 2.07 medium 4.21 bad 
The use of H’p for water quality prediction could lower wa-
ter quality to one or two level, for example, from good wa-
ter quality to medium or bad water quality. This could be 
the fact that phytoplankton diversity and composition de-
pend on several factors such as nutrients, organic matter, 
light, bicarbonate and phytoplankton consumers (i.e, fish, 
zooplankton). Using H’z and ASPT values indicated very bad 
to bad water quality whereas WQI showed water quality 
from good to medium. Previous also indicated that the use 
WQI for the assessment of the water quality could result in 
lesser pollution level than the use of H', ASPT calculated 
from zoobenthos (Giao, 2019) since zoobenthos could be 
affected by both the properties of sediments and the water 
column (Dung et al., 2011; Lien and Ut, 2016). However, 
using H’ and ASPT calculated from zoobenthos leading to 
the same water quality evaluation. This was also previously 
reported by Giao (2019). Therefore, the use of H’ and ASPT 
should be carefully considered, for examples, the values of 
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H’ of phytoplankton and zoobenthos were calculated 
mainly based on the diversity of species, but not species 
abundance; the obtained ASPT values mainly based on 
scoring the family of zoobenthos, and sometimes the utili-
zation of zoobenthos for predicting the water quality may 
not be accurate since various species in the same family 
may have different capability of pollution tolerance (Dung 
et al., 2007). The results of the present study recommend 
that the Shannon-Wiener diversity index (H’) and ASPT 
should not be solely used to evaluate water quality. In-
stead, it should be used in combination with physicochem-
ical water parameters. H’z and ASPT should be used for 
bottom sediment quality assessment not for water quality 
assessment. 
 
4. Conclusions 
 
Water quality at Bung Binh Thien Lake in dry season was 
polluted by suspended solids, organic matters, and coli-
forms. The WQI values classified water quality from good 
to medium. There were found total 912 species belonged 
to five phyla of phytoplankton comprising Euglenophyta, 
Cyanophyta, Bacillariophyta, Chlorophyta and Dinophyta in 
which Bacillariophyta, Cyanophyta, and Chlorophyta were 
dominant. The numbers of species at the sampling loca-
tions ranged from 36 to 114 species and total density of 
phytoplankton were from 13,082 to 121,452 individuals/L. 
The values of H’of phytoplankton (1.12 to 2.71) indicated 
the quality of water from medium to bad. For zoobenthos, 
six classes including Oligochaeta, Polychaeta, Insecta, Gas-
tropoda, Bivalvia, and Malacostraca were identified in 
which the Insecta and Oligochaeta were the most fre-
quently occurred. The total density of zoobenthos was in 
the range of 640-6,600 individuals/m2. Shannon-Weiner di-
versity index (H') calculated from zoobenthos diversity 
were of 0-2.07 while calculated ASPT values were from 2 to 
4.21. both H’ and ASPT values divided water quality from 
bad to very bad quality or heavily polluted. There was in-
consistency among water quality indices. WQI indicated 
water quality from good to medium, H’ of phytoplankton 
showed medium to bad whereas H’ and ASPT of zooben-
thos indicated very bad to bad water quality. The results of 
the present study recommend that assessment of water 
quality should not totally only relied on biodiversity indices 
(H’, ASPT) but also analyze the composition of phytoplank-
ton and zooplankton with the participation of the experts 
in the relevant fields. 
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